Abstract A cladistic analysis of Jerdon's Courser (Rhinoptilus bitorquatus) and eight allied taxa supports the validity of the Afro-Asian genus Rhinoptilus and indicates that the sister-species of the Indian relict bitorquatus is the Three-banded Courser (Rhinoptilus cinctus) of eastern Africa.
Introduction species in the genus Cursorius, and Snow (1978) and Urban et al. (1986) considered Rhinoptilus not sufficiently distinct from Cursorius for generic status and treated all of the African forms as Cursorius. These varied treatments illustrate the uncertainty regarding relationships among the various courser lineages.
In this paper we present the results of a systematic analysis of Jerdon's Courser and its nearest allies, discuss the taxonomic status of the genera Rhinoptilus and Cursorius, and offer some thoughts on the historical biogeography of the group, focusing on Jerdon's Courser. With these data in hand, we then suggest possible strategies for promoting the species' recovery from the brink of extinction.
Methods
For the systematic analysis we compared Jerdon's Courser to eight other glareolid relatives: seven cursoriines (Pluvianus aegyptius, Rhinoptilus africanus, R. cinctus, R. chalcopterus, Cursorius cursor, C. temminckii, C. coromandelicus, and, as an outgroup taxon, a single glareoline, Stiltia isabella. Study skins of all but Jerdon's Courser were available from the collection of the National Museum of Natural History, Washington, D. C., USA. For Jerdon's Courser, we relied on the detailed descriptions of Blyth (1848), Sharpe (1896) , Blanford (1898), and Baker (1929) , and the color photograph of Bhushan (1986b) . For this species assemblage, we compared nineteen characters related to external morphology and life history habits (Fig. 1 Table 2 . Character-State Coding Matrix for the Analysis acter we assigned two or more discrete character states and gave them integer codes (0, 1, 2 etc.) to correspond to the particular phenotypic expression of the character (Table 1) . After determining the key characters for analysis, we graded the nine courser species for each character and compiled these results into a character-state matrix (Table 2) , which was then analyzed using the PAUP cladistic program, version 2.4 (Swofford 1985) , an automated phylogenetic analysis that computes minimum-length trees. Characterstate series were considered unordered, as it is difficult to develop a priori primitivederived sequences for plumage and life history data. Characters were unweighted. Our cladistic analysis employed the "alltrees" exhaustive search, a method in which all possible permutations of branching are tested against the available character-state data.
The tree with the fewest number of character "steps" and the highest degree of congruence (reduced homoplasy) is accepted as the most likely phylogeny for the study group. Our biogeographic analysis is influenced by the concept of vicariance biogeography (Rosen 1978 , Cracraft 1982 and assumes that phylogenetic differentiation has occurred in tandem with the development of large-scale environmental barriers to gene flow. We attempt to equate isolation and speciation events with known or postulated environmental phenomena. The apparent "pattern" is corroborated by discovery of replicate examples from other taxa that share similar ecological requirements.
Finally, we employ the available ecological and systematic information about Jerdon's Courser to develop a possible strategy for engineering the species' recovery from the brink of extinction.
Results

Systematics.
The PAUP analysis reviewed more than 135,000 possible branching patterns and from this selected a single tree that most parsimoniously explains speciation in the group that includes Jerdon's Courser (Figure 2 ). The tree, of thirty-seven steps, exhibits a consistency index of 0.649. The cladogram supports the validity of two polytypic genera in the cursoriine assemblage : Cursorius and Rhinoptilus, and the monotypic genus Pluvianus. Four species (bitorquatus, cinctus, africanus, and chalcopterus) form a well-defined Glade Rhinoptilus, and the species cursor, temminckii, and coromandelicus are allied into the genus Cursorius.
Rhinoptilus is defined by unique expression of three characters: throat character 1 (posterior dark band), throat character 4 (mottled middle band), and temporal activity (nocturnal). Thus the peculiar throat-banding (see Fig. 1 ) and predominantly nocturnal habits are characters unique to the genus, unambiguously distinguishing this Glade from any members of the genus Cursorius.
Jerdon's Courser is shown to be most closely allied to the Three-banded Courser (R. cinctus), and the two can be considered sister-species. Uniquely-shared expressions of two characters define this species-pair: leg color and throat character 6 (anterior brown necklace). This alliance is also supported by shared character-states in the following: hallux, bill color, bill morphology, primary stripe, belly pattern, posterior breast band, throat characters 2, 3, 4, 5, 7, crown pattern, dorsal pattern, facial stripe, and wing/tarsus ratio.
Biogeography
The presence of sister-species populations of Rhinoptilus in eastern Africa and southern India (Fig. 3) , respectively, supports the notion that the immediate ancestor to these two at some period ranged from Africa to India. We postulate that this hypothetical ancestor's broadly-distributed population was then broken by the develop- ment of an intervening environmental barrier (or barriers) that led to the effective isolation of the two terminal populations and to their subsequent genetic differentiation. Present-day barriers of water and desert associated with the Arabian Peninsula are likely to have played a role in the faunal break (Ripley 1953 (Ripley , 1954 . This hypothesis of a widespread Afro-Indian form being dissected into eastern and western isolates assumes that an once continuous band of suitable habitat extended from eastern Africa through the Persian Gulf to India. Presumably this environmental corridor would have permitted the expansion of an entire Afro-Indian fauna of savanna or dry-forest forms (given the ecological preferences of Rhinoptilus cinctus and bitorquatus). Is there evidence for an Afro-Indian fauna?
By conservative count there are at least forty-three other species-pairs or singlespecies ranges that approximate the Afro-Indian distribution exhibited by Rhinoptilus (Table 3) . Nearly all of these are savanna or woodland forms. In fact, another pair of coursers, Cursorius coromandelicus and C. temminckii exhibit this same distribution. In other instances as in that of the flamingo Phoeniconaias minor, a single species is distributed (patchily) from southern Africa to India. The pattern is most often found in non-passerine taxa or with open country passerines (e. g., larks, pipits, and granivorous finches).
It is apparent that the modern salt water barriers of the Red Sea and Persian Gulf were not insurmountable faunal barriers in what must have been a corridor of favorable habitat. That other animal taxa exhibited this pattern is evident from the historical presence of a relictual population of the Cheetah (Acinonyx jubatus) in southern India, the remnant Lion (Panthera leo) population in the Gir Forest of Gujerat, and the presence in India of at least two ungulate species of African affinities (Prater 1980 , Uerpmann 1987 . That this Afro-Indian fauna is of relatively recent age is clear from the relatedness of the sister-populations inhabiting either side of the Arabian barrier.
Discussion
The closest relative to Jerdon's Courser is shown to be an East African form that is part of a species-radiation largely confined to Sub-Saharan Africa. The importance of an Indian faunal linkage with Sub-Saharan Africa is often overlooked in Indian ornithology, mainly because the significantly more species-rich forest avifauna is so strongly affiliated with that of southeast Asia (Ripley 1959) . We believe the African connection to be important in its own environmental context. It is India's dry-habitat avifauna that shows closest affinity to the African biota (Table 3) . We believe that major environmental shifts from the west (Africa) as well as from the east (southeast Asia) influenced the evolution and diversification of Indian biota. Wetter periods saw the development of tracts of humid forest linking southern India with Burma and humid south-east Asia. In these forests evolved an Indo-Malayan humid forest fauna. We envision that during other periods expanses of dry forest and savanna expanded all along the rim of the Arabian Sea, from southern Africa to south-central India. The abundant examples of Afro-Indian bird distributions ( Table 3 ) provide evidence that a rich Afro-Indian biota populated this arc of savanna habitat. The vast deserts of Arabia, today a barrier to interchange, were presumably not present during the period when the proposed habitat corridor existed.
High water levels in now-dry lakes on the Arabian Peninsula indicate that a more humid climate dominated in the following periods: 24,000-18,000 yr B.P. and 9,000-8,000 yr B.P. (Street & Grove 1980) . During the older period India was relatively dessicated, but during the second, India was under a moist climatic regime (Van Campo 1986) . The current depth of Bab al Mandab (the strait separating the Red Sea from the Gulf of Aden) and the paleoceanographic data on the sediments of the Red Sea indicate that this salt water barrier was present during the last 150,000 years (Reiss et al. 1980) . If the Afro-Indian fauna developed during a moist period, one can assume that salt water barrier(s) were present but were not a significant detriment to expansion of the biota east and west.
The salient point to be gotten from the acknowledgment of an "African connection" is that the diversification of the Indian biota has been a complex process, but not necessarily one without order. At some point in the future it will be important to analyze the interplay, in peninsular India, of environmental influences from the discrete biotic colonizations from east and west.
Conservation Action
Using data in the literature, recent surveys by B. Bhushan (1985 Bhushan ( , 1986a Bhushan ( , 1986b , and results of our systematic treatment, it is possible to develop a plausible strategy for saving Jerdon's Courser. The strategy we support involves four activities: (1) continued survey of the population; (2) increased efforts to protect favored habitat; (3) expanded local education; and (4) captive propagation.
At the time of this writing we know of recent sightings of Jerdon's Courser only in the vicinity of the Lankamalai Range of southern Andhra Pradesh. The historical range of the species extends northward across the Godavari River to the Andhra/Madhya Pradesh border and westward to Anantapur. We encourage the Bombay Natural History Society and state wildlife departments to refine and intensify their search methods for the bird. Bhushan discovered that Jerdon's Courser is primarily nocturnal. Thus night searches, though difficult, may be the only way to obtain good counts.
Once the survey efforts produce a scattering of records, it will be possible to delineate present habitat preferences of the species. These data will be critical for determining which tracts within the historical range of Jerdon's Courser should be preserved. Ideally, remote sensing photos of courser habitat could be compared with the satellite data for the expanse of southeastern India in order to determine the largest tracts favorable for the species. The largest and least disturbed of these should be given high priority for preservation whether or not they support populations of the bird. Unpopulated tracts can subsequently serve as areas of recolonization by means of release of captive-propagated coursers.
The local populace in areas where Jerdon's Courser may occur should be offered bounties for proven reports of live, free-ranging birds. The bounty might offer sufficient incentive for local shikaris to avoid killing a bird that otherwise might go into the stewpot-an economic incentive for forbearance on the part of hunters. All local wildlife officers should know the bird and should be able to evaluate properly incoming local reports from the citizenry. This last requirement is perhaps one of the most difficult to put into effect, because of the difficulty for non-ornithologists to effectively describe and identify the courser. 
